OBJECTIVES: To assess the relationships between gestational gain, raceaethnicity, reproductive history, age, education and the risk of becoming overweight after pregnancy. STUDY DESIGN: Prospective cohort study of adult women from four raceaethnicity groups who had two consecutive births between 1980 and 1990 at the University of California, San Francisco (UCSF). MEASUREMENTS: Height and pregravid weights for each pregnancy were self-reported. Women were classi®ed as overweight or not overweight according to the Institute of Medicine (IOM) criteria for pregnancy. Gestational gain was de®ned as the difference between the pregravid weight and the last weight before delivery of the ®rst study pregnancy. SUBJECTS: 1300 healthy women aged 18 ± 41 y who had a singleton, full-term, live birth (index or ®rst study pregnancy) followed by a second birth. Self-reported pregravid weights and heights were used to calculate body mass index (BMI). Women with a pregravid BMI below 26.0 kgam 2 before the index pregnancy were classi®ed as not overweight (n 1128). Overweight status following the index pregnancy was based on pregravid BMI for the second pregnancy. RESULTS: Seventy-two women (6.4%) became overweight following the index pregnancy. Statistically signi®cant independent predictors of the risk of becoming overweight included: maternal age 24 ± 30 vs above 30 y, high gestational gain, short interval from menarche to ®rst ever birth (`8 y), and young age at menarche (`12 y). The risk of becoming overweight was increased 2.5 ± 3 times for each of these risk factors. Whites were 4.5 times more likely to become overweight than Asians, but blacks and Hispanics did not appear to differ from whites. Parity, time interval, smoking habit, education, marital status and other factors were not associated with the risk of becoming overweight. CONCLUSIONS: These ®ndings suggest that young age at menarche, maternal age and short time from menarche to ®rst ever birth may be as important as high gestational weight gain in determining the risk of becoming overweight after pregnancy.
Introduction
Over the past decade, the prevalence of overweight and obese women in the US has increased sharply. 1 The greatest increases have occurred among women of reproductive age. 2 Pregnancy-related weight gain has emerged as a potential cause of excess adiposity. This link is supported by evidence that average maternal gestational weight gain in the US has increased by 50% from 10 to 15 kg between 1970 and 1988. 2 The upward shift in gestational gain has resulted in a 100 ± 150 g average increase in infant birth weight. 2 However, an unintended side effect may be an increased risk of becoming overweight among young women. 3, 4 Relatively small pregnancy-related weight increases have been reported (0.5 ± 1.5 kg) in epidemiologic studies using self-reported pregravid weights. 5 ± 10 Somewhat higher estimates were found in studies that obtained measured weights before and after pregnancy, and included comparison groups of nulliparous or nongravid women to control for secular changes in body weight. 11, 12 Smith and colleagues found that primiparous women who gave birth during the 5 y follow-up period were 2 ± 3 kg heavier on average than nulliparous women. 11 Williamson and colleagues estimated average weight increase due to a single birth at 1.7 kg. 12 Although average weight increases due to pregnancy appear to have little impact on body weight, between 14 and 20% of the women in some studies were 5 kg or more heavier by 6 ± 18 months postpartum. 5 ± 7,10 Numerous studies have examined predictors of weight change from preconception until postpartum including gestational gain, pregravid weight, race, parity and age. 6 ± 10,13 ± 17 The strongest predictor of increased postpartum weight change has consistently been gestational gain. 6, 7, 9, 10, 13 Gestational gain has accounted for 20 ± 35% of the variability in the weight change from preconception to postpartum using multiple regression models. 6, 7, 10 The ®ndings for pregravid body mass index (BMI), race and parity have been con¯icting. Other maternal characteristics such as education, age, height and pregravid weight have shown little or no association. 6, 7, 10, 16 Estimates of average weight change from preconception to postpartum based on self-reported pregravid weight are potentially biased. The size of the error (1 ± 2 kg or greater) is large relative to the absolute weight change such that estimates may exceed true values by 100% or more. Additionally, reporting error varies according to BMI group (overweight women under-report weight to a greater extent). 18 Outcome measures that classify individuals according to change in BMI group, or excessive postpartum weight increase, are preferable, particularly in large epidemiologic studies where self-reported pregravid weights are available. The misclassi®cation error in these categorical measures may be minimized by including only women who are underweight or normal weight prior to pregnancy. 19 Thus, reasonably good classi®cation may be achieved using self-reported weights to assess the change in BMI group over the prenatal and postpartum periods. The speci®c predictors of these marked shifts in body weight related to pregnancy may then be identi®ed.
Few epidemiologic studies have estimated the risk of becoming overweight after pregnancy. Two studies provide US representative data on the risk of becoming overweight and predictors of excess weight gain following pregnancy. 8, 12 In a longitudinal study of women 25 ± 45 y of age, Williamson and colleagues estimated a 60 ± 110% greater risk of becoming overweight among women with one birth compared to women with no births over the 10 y study period. 12 However, no data on gestational gain were reported in this study. Parker and Abrams 8 used data from the 1988 National Maternal and Infant Health Survey (NMIHS) to assess the in¯uence of gestational gain among other factors on the risk of excessive weight gain (above 9 kg) from preconception to 10 ± 18 months postpartum in underweight and normal weight women. They found that high gestational gain was associated with a 2-fold increase in risk of excess weight increase (due to retention of gestational gain andaor postpartum gain) among white and black women. The associations with other risk factors (eg parity and marital status) differed according to race.
The objectives of this study are to estimate the incidence of overweight, and to evaluate the relative importance of gestational gain, reproductive history and maternal demographic characteristics in predicting the risk of becoming overweight after pregnancy among adult women with two consecutive pregnancies.
Methods

Study design and selection criteria
The study sample was drawn from an urban population of 10,370 adult women who had singleton, full term, live births at Mof®tt Hospital, University of California, San Francisco (UCSF) between 1980 and 1990. To obtain longitudinal data on body weights before, during and after an index pregnancy, we included only white, black, Hispanic or Asian adult women who delivered two consecutive singleton births (n 1480). We had eliminated women under age 18 y (n 64) to control for differences in the composition and amount of change in body weight related to adolescent growth during prenatal and postpartum periods. 20, 21 We also excluded 180 women due to adoptions, pregnancy complications or medical conditions which could modify gestational weight gain or retention. UCSF functions as a tertiary medical facility where women with serious medical conditions that are superimposed upon pregnancy are referred at a high rate.
The ®nal study sample of 1300 women was not systematically different from the larger UCSF cohort of singleton births in baseline maternal demographic and anthropometric characteristics or newborn infant characteristics (data not shown). However, the study sample intentionally included only healthy women and a greater proportion of primiparous women due to the selection of women with two consecutive births.
Data collection
Maternal and infant health outcome data were collected prospectively and recorded in the medical records, and then abstracted into a computerized database using standard protocol. Data were collected prospectively in the UCSF Perinatal database; the speci®c methods and procedures used to collect the data, estimate gestational age and evaluate quality are described in detail elsewhere. 22, 23 Self-reported data at the ®rst prenatal visit included: maternal birthdate, maternal height, pregravid weight, marital status, medications, reproductive history (eg dates of previous deliveries, number of pregnancies, age at menarche), cigarette smoking, raceaethnicity and years of education. Pregnancy-related conditions and medications were recorded in the medical record during each pregnancy. Maternal weights were measured throughout gestation at each prenatal visit. The last weight prior to delivery was used as the`delivery weight', and was measured an average of 0.9 weeks before the delivery.
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Variables abstracted from medical records for this study included maternal education, age at ®rst ever birth, medical conditions between pregnancies, adoptions and psychosocial problems.
To assess the extent of agreement of self-reported pregravid weights with measured weights, we obtained measured weights within 6 months of preconception (median 3 months) from medical records where available for a subsample of women. The measured pregravid weights for the ®rst study pregnancy (n 33) were an average of 1.5 AE 2.9 (s.d.) kg higher than the self-reported weights. The measured pregravid weights for the second study pregnancy (n 142) were an average of 1.8 AE 5.7 (s.d.) kg higher than the self-reported weights. Thus, the error in self-reported pregravid weight was about 1 ± 2 kg.
De®nition of variables
Gestational gain is de®ned as the difference between self-reported pregravid weight and the last measured weight prior to delivery for the ®rst study (index) pregnancy. The interpregnancy interval is the time period from the ®rst study birth until the beginning of the second study pregnancy. Maternal age is age at ®rst study birth. Interval from age at menarche to ®rst ever birth (interval to ®rst birth) is the difference between age at menarche and age at ®rst ever birth. High gestational weight gain is de®ned according to the IOM ranges for each pregravid BMI group (eg above 18.2 and 15.9kg for underweight and normal pregravid weight categories, respectively). 2 Low age at menarche is de®ned as less than 12 y based on the mean age of 12.6 y in the US. 24 Short interval from menarche to ®rst ever birth is de®ned as less than 8 y from menarche to the ®rst ever birth. Since growth in stature for females is completed by 20 y of age, 21 an interval from menarche of less than 8 y would classify women who were still growing during pregnancy.
Women who were not overweight (de®ned as a BMI less than 26.0 kgam 2 ) prior to the index pregnancy represented the group at risk of becoming overweight after pregnancy. The outcome, risk of becoming overweight, was based on a change in pregravid BMI category from underweight or normal weight (BMI`26.0 kgam 2 ) at the onset of the ®rst (index) pregnancy to overweight or obese at the onset of the second study pregnancy (BMI ! 26.0 kgam 2 ).
Complete data were available for most variables. Approximately 10% of the age at menarche data were missing. The characteristics of subjects with missing data were compared to subjects with complete data. There were no signi®cant differences in BMI category distribution, education level, age, parity or raceaethnicity for the group with missing data. The risk of becoming overweight also did not vary for the subjects with missing data.
Statistical analyses
t-Test statistics were used to compare means, and chi ± square statistics to assess the overall association for levels of maternal characteristics and the risk of becoming overweight. Unadjusted odds ratios and 95% con®dence intervals (CI) were calculated for each level of a maternal characteristic in relation to a selected reference group. 25 Multiple logistic regression models were used to evaluate the association between gestational weight gain and the risk of becoming overweight adjusting for nine covariates. Covariables associated with the risk of becoming overweight from the bivariate analyses were included to improve the precision of the model estimates, remove confounding bias and assess their individual impact on the risk of overweight. Interpregnancy interval, number of conceptions between births and maternal height were not included in the models because they were either not associated andaor resulted in empty cells in the testing of the two-way interactions. Two logistic regression models using different sample sizes were constructed due to missing age at menarche data. All two-way interactions with the main effect variable (gestational weight gain) were included in the separate logistic regression models. The log likelihood estimates were contrasted from the additive and interaction models, and deviance chisquare statistics were used to evaluate all two-way interactions. Goodness-of-®t for the additive logistic regression models was assessed. 26 Odds ratios from the adjusted models are interpreted as relative risks.
Results
The entire study cohort (n 1300) included women of all BMI levels who ranged in age from 18 to 41 y; mean (s.d.) 27 (5.0) y. The mean pregravid BMI was 22.0 kgam 2 , and overall mean total gestational weight gain was 16.1 kg with a range of 7 5.2 to 38.1 kg (Table 1) . Four raceaethnicity groups were represented within the cohort. Half the group was white and 25% were Asian. Most women were nulliparous (72.4%), married (77%) and well-educated (66%). There were relatively few smokers (12%). Women were evenly distributed across the three time intervals (`12 months, 12 ± 24 months and b24 months) between the two consecutive births.
A total of 1128 of the 1300 women were not overweight before the index pregnancy. Of these, more than two-thirds were classi®ed as normal weight, and one-third as underweight. By the second study pregnancy, 72 (6.4%) had become overweight (BMI ! 26.0 kgam 2 ). Only one woman who was ori- Figure 1 displays the means for the quartiles of weight change according to pregravid BMI classi®ca-tion at the start of the second study pregnancy. Women who became overweight or obese gained substantially more than women who fell within normal or underweight BMI categories. The distributions for the overweight and obese groups are distinct from the lower BMI groups. Table 2 displays the distribution of maternal characteristics for the 1128 women at risk, and the frequencies and percentages of women who became overweight for the entire cohort and strati®ed by maternal characteristics. Characteristics associated with an increased risk for becoming overweight based on unadjusted odds ratios include raceaethnicity, gestational weight gain above the IOM ranges, age between 24 and 30 y, being unmarried, age at menarche less than 12 y, and having a ®rst ever birth less than 8 y after menarche. Fewer Asians and greater Interpregnancy Interval interval between the ®rst study (index) birth and the start of the second study pregnancy.
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education level and the risk of becoming overweight was evident. We included gestational gain and all signi®cant covariables from the bivariate analysis, as well as other factors associated with differences in postpartum weight retention from previous studies (parity, smoking, pregnancy-related hypertension and education level), in two multiple logistic regression models. We did not include interpregnancy time interval since it was not associated with the outcome in the bivariate analyses, and due to the sparse data for other variables in testing all two-way interactions.
Two logistic regression models were use to describe the data ( Table 3 ). The ®rst model utilized data from the cohort at risk (n 1102) and included all maternal characteristics except age at menarche and interval from menarche to ®rst ever birth. In this model, 71 women became overweight and 1031 women did not become overweight. The second model included the same variables as the ®rst model and two additional variables: age at menarche and interval from menarche to ®rst birth. The sample size was decreased by 10% in the second model due to missing age at menarche data; 62 women became overweight and 925 women did not become overweight. All two-way interactions with gestational gain for both models were not signi®cant (deviance chi-square, ®rst model 10.4, d.f. 12, P 0.58, and deviance chisquare, second model 9.4, d.f. 14, P 0.67). The logistic regression estimates for gestational weight gain and raceaethnicity adjusted for maternal age, marital status, parity, education and other variables in both models were similar to the unadjusted odds ratios with one exception. Being unmarried was associated with an increased risk of becoming overweight in the bivariate analyses, but was no longer associated in the adjusted models.
In the ®rst model, the risk of becoming overweight was increased for high gestational gain above IOM ranges compared to gains within or below IOM ranges (OR 3.19, 95% CI: 1.87 ± 5.44), and 24 ± 30 y olds (OR 1.90, 95% CI: 0.98 ± 3.68) compared to those above 30 y of age. The risks for Hispanics and blacks were somewhat elevated above whites, but not signi®cantly. The risk was decreased for Asians compared to whites (OR 0.32, 95% CI: 0.14 ± 0.72). In the second model, low age at menarche was associated with 2.6 times the risk of becoming overweight vs high age at menarche, and short interval from menarche to age at ®rst ever birth was associated with more than triple the risk of becoming overweight. All adjusted odds ratios were similar for the ®rst and the second models (Table 3) despite the missing data. However, inclusion of the two additional variables resulted in somewhat increased risk estimates for raceaethnicity and maternal age estimates compared with the ®rst model; the risk of becoming overweight was 4.5 times higher for whites compared to Asians (OR 0.22 for Asians), and was increased slightly to 2.5 for maternal age Risk of becoming overweight after pregnancy EP Gunderson et al 24 ± 30 y vs age above 30 y. The risk for the high gestational weight gain group compared to the normal or low gain group remained stable in both logistic regression models. Thus, slight confounding of the risks associated with raceaethnicity, maternal age and gestational gain was controlled by adjustment for age at menarche and interval to ®rst ever birth.
Discussion
To our knowledge, no previous studies have investigated the risk of becoming overweight after pregnancy among adult US women of reproductive age in relation to gestational gain, Asian or Hispanic raceaethnicity, and age at menarche or interval to ®rst ever birth. In this study of adult women with two consecutive births, few women (6.4%) became overweight by 1.5 y (median follow-up time) after the index pregnancy. However, the incidence of overweight was 7.1% for whites and 8% for white, black and Hispanic raceaethnicity groups combined. Thus, our estimate for whites is similar to the 1988 NMIHS where 8.2% of white women who were not overweight reported a weight increase of more than 9 kg above preconception weight by 10 ± 18 months after delivery. 8 Although we did not ®nd the expected increased risk of postpartum obesity among blacks compared to whites, we found evidence of a more than 4-fold decrease in the risk of becoming overweight among Asians using the IOM de®nition of overweight. Finally, several maternal characteristics were associated with a 2 ± 3 fold increase in the risk of becoming overweight Ð high gestational weight gain, low age at menarche, short interval to ®rst ever birth, and maternal age 24 ± 30 y. About 11% of women who had high gestational gains (above IOM recommendations) became overweight, and their risk of becoming overweight was three times greater than women who had adequate or low gestational gains. These ®ndings are similar to those of Parker and Abrams who reported two times higher risk of excessive weight gain associated with high gestational gain in women who were not overweight pregravid. 8 In addition, other variables (age at menarche, interval from menarche to ®rst ever birth, and maternal age 24 ± 30 y) each showed strong associations (more than two to three times higher than reference groups) with the risk of becoming overweight that were independent of gestational gain. These variables may indirectly represent either genetic in¯uences on adult body weight prior to pregnancy, andaor socio-economic differences in maternal age when child-bearing begins. While gestational gain is an important risk factor, our data suggest that other determinants of body weight, including biologic and environmental factors, may be just as important. Age at menarche has been shown to be inversely correlated with excess body weight in young girls as well as adults. 27 ± 29 Young age at menarche may represent a genetic predisposition to accumulate fat stores at an earlier age, but also a greater tendency to deposit adipose tissue during and after pregnancy among women who are not overweight prior to pregnancy. 30 Environmental factors such as dietary intake, physical activity and lactation practices may also in¯uence the strength of these relationships, but these covariables were not measured in our study.
Biologic mechanism(s) involved in adipose tissue regulation may affect maturation and reproductive processes. Leptin, a hormone secreted from adipose tissue and regulated by the obesity gene (ob), signals the onset of menarche, correlates positively with gestational gain, and is produced by the placenta. 31 ± 35 Thus, a maternal genetic predisposition to accumulate excess adipose tissue during reproduction may account for the effect of gestational gain on persistent postpartum weight increases in some women.
Having a ®rst ever birth close to menarche also increased the risk of becoming overweight among adult women in our study. This ®nding is consistent with the excess postpartum weight retention reported among adolescents. 36, 37 Yet, time interval from menarche to ®rst ever birth may not only represent the in¯uence of a previous pregnancy at a young age, but the in¯uence of gestational hormones on body fat accumulation among women who may be physically immature despite their adult chronologic age (eg late age at menarche and short interval to ®rst birth). The reported long-term effects of a ®rst full-term pregnancy on subsequent hormonal development include lower basal and stimulated serum prolactin levels for parous compared to nulliparous women, 38 as well as increases in these levels according to chronological age at ®rst full-term pregnancy and time since ®rst full-term pregnancy. 39 It is possible that these pituitary hormones may in¯uence body weight regulation, particularly during the postpartum period.
Our study found an increased risk of becoming overweight among women aged 24 ± 30, but no difference in risk among 18 ± 23 y olds compared to women over 30 y. Most studies have adjusted for age as a confounder in regression models. 6 ± 9 However, Parker and Abrams did not ®nd an association between maternal age and risk of excessive weight gain after pregnancy in the NMIHS. 8 Most women in our cohort were nulliparous at the ®rst study birth (75%), and the higher risk according to maternal age is more likely to represent social class differences in initiation of child-bearing. The differences may be explained by educational, social and behavioral factors such as employment and career patterns that not only determine the timing of childbearing but become altered by childbirth (eg, returning to paid work outside the home). These covariables may be measured incompletely by education or age and deserve further investigation. For example, Schauburger et al found a larger 6 month postpartum weight loss among women who returned to work by 2 weeks compared to those Risk of becoming overweight after pregnancy EP Gunderson et al who returned later or did not return. 6 Younger women working in low-paying jobs that lack leave bene®ts may return to work earlier, or more highly educated women may exercise a high degree of constraint over food intake which minimizes the impact of gestational weight gain.
Raceaethnicity differences in risk were found in our study. Asians had a greatly reduced risk of becoming overweight, while the risks for blacks or Hispanics were not increased compared to whites. This reduced risk is almost entirely due to the high proportion of Asian women who were underweight before the ®rst study pregnancy, as de®ned by a standard for white women. While these women did not become overweight, about 40% more Asians shifted from a BMI below 19.8 (underweight) to a BMI between 19.8 and 26.0 (normal weight). This indicates that signi®cant weight increases occurred among Asian women in the study. The risk of becoming overweight was 40% higher for blacks. This increase was not statistically signi®cant, but is comparable in magnitude to estimates from a population-based sample of women aged 30 ± 55 where blacks were 50% more likely than whites to gain 10 kg or more over 10 y. 40 Smith and colleagues found similar average increases in body weight (2 ± 3 kg) related to pregnancy among blacks and whites over 5 y. Thus, greater weight increases among black women may re¯ect differences in social, cultural and behavioral factors rather than pregnancyrelated weight changes.
Time interval between pregnancies was not associated with the risk of becoming overweight in our sample, but was weakly correlated with absolute weight change in the entire sample (r 0.11). Because we restricted our analysis to underweight and normal weight women, the secular trends in weight change are likely to be minimal. Thus, the large weight increases experienced by women who became overweight are likely to re¯ect the persistent effect of pregnancy on maternal body weight.
Many of the risk factors we identi®ed are potentially modi®able. First, early childhood nutrition and exercise habits may in¯uence body weight and hence age at menarche. In America, the mean age at menarche has remained stable at 12.9 y over several decades. 41 However it has decreased slightly to 12.6 y over the past decade, and coincides with the increasing prevalence of overweight children in the US. 24, 42 Age at menarche may become an important marker for prevention of excess body weight gain during adulthood, and particularly related to pregnancy. 43 Secondly, some women may delay childbearing beyond 8 y following age at menarche. Thirdly, women can be advised to avoid excessive weight gain during pregnancy, especially during the ®rst half of pregnancy when maternal adipose stores accumulate. 44 Individual nutrition counseling may be necessary to ensure proper quality of dietary intake and monitor gestational weight gain within the recommended ranges, but it is rarely provided. 2 Due to our study design, these results can be generalized to parous women with two consecutive births, but not to all women. The use of self-reported pregravid weight instead of measured weight may have resulted in misclassi®cation of a small number of women as normal weight who were overweight. Since only women who were underweight or normal weight were included in this study, the error from selfreported weights is relatively small, 1 ± 2 kg. A few women who actually became overweight may have been incorrectly misclassi®ed as normal weight, but this would have biased our estimates toward the null. It is unlikely that normal or underweight women would have been incorrectly classi®ed as overweight. Thus, our estimates of risk are conservative. The ®ndings for blacks and Hispanics are inconclusive due to the small sample sizes as well as the higher proportion of women in these groups who were already overweight at the ®rst study pregnancy. The variable time period between births is a further limitation; however, we were able to adjust for this factor in the analysis. Finally, we do not know whether women became overweight as a direct result of gestational gain, or whether altered lifestyle habits during the postpartum period may have led to weight increases following pregnancy rather than retention of gestational gain.
Further investigation is needed to con®rm the links between age at menarche and short interval from menarche to ®rst birth, and the risk of overweight status after pregnancy, as well as the relative importance of these factors. More information regarding the in¯uence of maternal age, employment status, smoking cessation, lactation practices, birth control methods and other behaviors on weight changes both during and after pregnancy is also needed.
